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The relative amount of radioactive iodine evolved in reactor 
cooling water by each fuel element provides an excellent indication 
of defective cladding on fuel elements. The radioactive iodine 
evolved into the reactor cooling water from a defective fuel element 
should be higher than the average radioactive iodine evolved by other 
fuel elements into the cooling water by an order of magnitude or more . 
Radioactive iodine with non-radioactive iodine carrier is 
adsorbed on DOWEX SBR resin in the iodide form. The iodide is eluted 
from the resin with sodium hypochlorite and extracted into carbon 
tetrachloride. The iodine is reduced to iodide by sodium pyrosulfite 
and back extracted into water. The iodide is precipitated by silver 
nitrate and filtered. The gamma activity of the precipitate pro-
vides a comparison of the fission iodine evolved by the fuel elements . 
Iodine recovery was 95 percent. 
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An increase in the fission gas activity at the UMR Reactor 
caused concern that a leak had developed in the fuel cladding. 
Iodine-131 and iodine-133 are fission products of uranium-235, 
the fissile fuel material of the UMR Reactor. They are produced 
in sufficient quantities and are sufficiently chemically active 
and radioactive to be isolated from, or concentrated in, the 
reactor cooling water in detectible quantities if there exists 
a small leak in fuel element cladding. An increase in the iodine 
activity from reactor operation would therefore be an indication 
of a possible cladding defect. 
The uranium-235 fission yield of iodine-131 and iodine-133 
are 3.1 percent and 6.9 percent, respectively. The half-life of 
iodine-131 is 8.07 days and the half-life of iodine-133 is 20.5 
hours. The fuel plates in the UMR Reactor contain approximately 
90 percent enriched uranium as U 0 dispersed in aluminum. The 
3 8 
fuel plates are 24 inches long, 2.5 inches wide, and 0.02 inch 
thick and are clad with 0.02 inch of aluminum. The fuel plate 
contains 17.0 grams of uranium. A fraction of the iodine produced 
within the fission fragment range of the cooling water will 
escape into the water. 
Concentration and isolation of iodine has been reported in 
literature using anion exchange, carbon tetrachloride extraction, 
and heterogeneous isotopic exchange techniques. 
1 
This thesis presents a semiempirical calculation for the 
amount of radioactive iodine that would result in the cooling 
water from a cladding defect and an evaluation of these three 
techniques for concentrating the iodine for determination by 
gamma counting. 
2 
II. REVIEW OF LITERATURE 
Friedlander, Kennedy, and Miller1 consider the problem of 
determining the range of fission ions in a material, R 1 t' z' re a 1ve 
to the range of the same ions in air, R . The range is a function 
a 
of the atomic number, Z, of the material through which the ions 
are passing and of the charge, z, mass number, m, and energy, E, 
of the ions: 
RZ + (O.OlZ/z) 
R 
a 
0.9 + 0.0275Z + (0.06- 0.0086Z)log E 
m 
The reciprocal of the total range, R, in a homogeneous mixture of 
i elemental components, each having a fission fragment range, R . , 
l 
and a weight fraction, W., is the sum of the ratios of each weight 
l 
fraction to its range: 
l 
R 
The fission ion energy and charge are approximately 100 MeV and 
20, respectively. 
Alexander and Gazdik2 reported the experimentally determined 
(1) 
(2) 
ranges of iodine-131 fission ions to be approximately 3.37 milligrams 
per square centimeter in aluminum and 8.6 milligrams per square 
centimeter in gold. 
3 Katcoff and others reported that "iodine activity formed in 
uranium metal is in a highly reducing medium and therefore is almost 
certainly present as I ion". 
3 
4 
Glendenin and Metcalf3 and others3 have studied the concen-
tration and isolation of iodine by various carbon tetrachloride 
extraction techniques. Glendenin and Metcalf added non-radioactive 
iodine carrier to their samples containing radioactive iodine 
tracer. They oxidized the iodine to periodate with sodium hypo-
chlorite to achieve interchange of the tracer iodine and carrier 
iodine. The periodate was reduced with hydroxylamine hydrochloride 
to elemental iodine and extracted into carbon tetrachloride. The 
elemental iodine was further reduced to iodide with sodium hydrogen 
sulfite for extraction into water. The iodide was precipitated as 
silver iodide and counted. 
M d . 4 . h . aeck an Re1n used cat1on exc ange to remove cat1onic fis-
sion products from solution followed by heterogeneous isotopic 
exchange of radioactive iodine with preformed non-radioactive 
silver iodide precipitate to quantitatively determine radioactive 
iodine concentration. 
5 Gabay and others reported the removal of iodine-129 in low 
concentration from water and milk using anion exchange. Non-
radioactive iodine carrier was added to a four liter sample and 
interchange was effected by oxidizing to periodate with sodium 
hypochlorite. The periodate was reduced to iodide with hydro-
xylamine hYdrochloride and sodium hydrogen sulfite. The iodide 
was ad$Orbed onto a Dowex l chloride resin and eluted from the 
resin with sodium hypochlorite. The iodide was oxidized to 
elemental iodine and extracted into carbon tetrachloride. The 
iodine was reduced with sodium hydrogen sulfite to iodide, 
5 
extracted into water, and precipitated as silver iodide for 
counting. An average recovery of 74.2 percent was reported. 
Industrilite-10 cation resin and Industrilite-50 anion resin 
6 are respectively Dowex HCR-S and Dowex SBR . The anion resin is 
a strongly basic Type 1 resin. 7 ' 8 Iodine is one of the most easily 
0 9,10 
adsorbed and difficulty eluted an1ons. 
III. RESULTS AND DISCUSSION 
Leakage of radioactive iodine from the fuel into the reactor 
cooling water would result from any defect in the cladding. If 
the cladding were high purity aluminum, it could be assumed that 
no iodine would result from nuclear reactions within the cladding. 
11 
Maxon reported surface contamination for similiar fuel elements 
-4 
of 3.6 x 10 micrograms of uranium-235 per square centimeter of 
cladding. This problem will be incorporated later in this thesis. 
The most likely cladding defect is a hole caused by corrosion. 
No information was available in the literature concerning the re-
lease of iodine from bare uranium fissioning in contact with an 
aqueous medium. 
The problem was therefore defined as estimating the iodine-
131 and iodine-133 activity that would exist in the cooling water 
per unit area of exposed fuel, eliminating iodine concentration 
methods that could not be adapted to the specific problem, and 
developing a method that would provide a sufficiently accurate 
determination of the iodine activity in the UMR Reactor cooling 
water . 
A. Estimation of Iodine-131 and Iodine-133 
The fuel plates in the UMR Reactor consist of 90 percent en-
riched uranium-235 as u3o8 dispersed in aluminum. Since the 
distribution of the uranium in the fuel plates is not uniform and 
is not known, it was necessary to treat the fuel plates as an 
6 
equivalent u 3o8 -Al alloy. The equivalent fuel plates will be 
referred to in the remainder of this thesis as the alloy. 
The mass of oxygen in the alloy is 3.09 grams. 
where 
rnu mass of uranium in the alloy= 17.0 grn 
Mu uranium-235 formula weight = 705 gm/rnole 
M0 = oxygen formula weight 128 grn/rnole 




the mass of U 0 = 17.00 + 3.09 
3 8 
3 
8. 30 grns/ ern 
3 




the volume of the alloy = 19.664 
The mass of aluminum is 46.56 grams. 
where 
- p· v rnA - A A 






The total mass of the alloy is 66.65 grams and the mass fractions 
of uranium, oxygen, and aluminum are 0.255, 0.046, and 0.699, 
7 
respectively. 
A semiempirical formula was derived for the calculation of 
the range of iodine-131 fission ions in the alloy. The ranges 
determined experimentally for these ions in aluminum and gold by 
Alexander and Gazdik2 were used in equation (1) from Friedlander, 
Kennedy, and Miller1 to determine the range of the iodine-131 
fission ions in air: 
RZ + (O.OlZ/m) 
R 
a 
0.9 + 0.0275Z + (0.06 - 0.0086Z)log(E/m) 
RZ + (O.OlZ/z) 
R 
a 0.9 + 0.0275Z + (0.06- 0.0086Z)log(E/m) 
where 
experimental range of iodine-131 in gold 2 8.6 mg/cm 
Z atomic number of gold = 79 
z approximate charge of the iodine-131 fission ions 20 
E approximate energy of fission ions = 100 MeV 
m atomic mass of iodine-131 = 131 
The range of iodine-131 fission ions in air found from equation (3) 
2 
was 2.747 mg/cm. The validity of equation (2) for calculating the 
range of iodine-131 fission ions in elements using 2.747 mg/ cm2 as 
(1) 
(3) 
a constant range in air was verified by comparing the experimentally 
determined 3.37 mg/cm2 range in aluminum2 with the calculated 
2 3 . 48 mg/cm . The calculated ranges of iodine-131 fission ions in 
uranium-235 and oxygen for the alloy were 9.7 milligrams of uranium-
235 per square centimeter and 3.1 milligrams of oxygen per square 
8 
centimeter. These ranges were assumed to be the ranges of all 
iodine fission isotopes. 
Equation (2) 1 was used to calculate the average range of the 
iodine fission ions in the alloy. 
where 
the weight fraction of uranium in the alloy 0.255 
WfO the weight fraction of oxygen in the alloy = 0.046 
wfA the weight fraction of aluminum in the alloy 0.699 
iodine-131 fission ion range in uranium-235 = 9.7 mg/cm 
iodine-131 fission ion range in oxygen = 3.1 mg/cm 2 
iodine-131 fission ion in aluminum 3.37 mg/cm 
2 range 
2 The range of iodine-131 fission ions in the alloy was 4.03 mg/cm 
or 1.19 x 10-3 centimeters. This was taken as the range for all 
iodine fission isotopes in the alloy. 
2 
It was assumed that the range of iodine fission ions in the 
alloy, R, was small compared with the radius, r, of a hole in the 
cladding of a defective fuel element. The fraction, F, of the fis-
sion iodine produced within the range of the hole surface which 
escapes through the hole into the cooling water was calculated 
ignoring edge effects. The fraction which escapes is the ratio of 
the average surface area extending into the cooling water to the 
total surface area of the sphere generated by the fission ions of 
range, R. As the fissions occur a distance, R-x, from the fuel 
9 
surface and x varies from 0 to R, the average surface extending 






2 The total surface area of the sphere is 4TIR . The fraction of the 
ions escaping is 
F 
The rate of change of iodine activity in the reactor is a 
function of that gained through fission and that lost through radio-
active decay and is given by the rate equation: 
where 
(4) 
-A t - \ t 
A1 afN 25¢[a1 (l- e 
1 ) + a 3 (l- e 3 )] ( 5) 
fission yield of iodine-131 from uranium-235 0 . 031 
a 3 fission yield of iodine-133 from uranium-235 = 0 . 069 
average thermal neutron cross section of uranium-235 a f 
-24 2 
577.1 x 10 em /atom 
iodine-131 decay constant 
0.0859/day 
-3 
3.578 x 10 / hour 
10 
iodine-133 decay constant = 0.0338/hour 0. 811/day 
atom density of uranium-235 in the fuel 
21 3 
1.995 x 10 atoms/em 





density of uranium in the fuel alloy 
23 
6.023 x 10 atoms/mole 
235 grams/mole 
thermal neutron flux 
time of operation at~' hours 
epAv/A 
3 0.865 gm/cm 
From equation (5) the iodine-131 and iodine-133 activity produced 
per cubic centimeter of alloy when the reactor operates at 1.6 x 
1012 neutrons per square centimeter per second for three hours is 
1 29 1010 d" . . . x 1s1ntegrat1ons per second. Per square centimeter of 
-3 3 
exposed alloy, 1.19 x 10 em of alloy is within the range, R, of 
the cooling water producing 1.54 x 107 disintegrations per second 
of iodine-131 and iodine-133 activity. Since 0.25 of these fission 
ions escape through the hole into the cooling water, 3.84 x 106 
disintegrations per second per cubic centimeter of exposed fuel 
accumulate in the cooling water during this operation. 
If the average surface contamination of the cladding is 3.6 x 
10-4 micrograms of uranium-235 per square inch, the total surface 
contamination is 3.8 micrograms of uranium-235. One-half of the 
1 4 d " . . fission ions produced on the surface or 3.2 x 0 1s1ntegrat1ons 
per second from iodine-131 and iodine-133 would be released into 
the cooling water. This is two orders of magnitude less than the 
11 
radioactive iodine activity that would result in the cooling water 
from a one square centimeter hole in the cladding. 
It was therefore concluded that a hole in the cladding would 
result in a significant increase in the radioactive iodine activity 
in the cooling water. 
B. Elimination of Inappropriate Iodine Concentration Methods 
Extraction of iodine into carbon tetrachloride, back extraction 
into water and precipitation as silver iodide gave insufficient 
iodine recovery. A minimum sample volume of five gallons was desir-
ed from the 32,000 gallons of cooling water. This volume of sample 
necessitated either extraction from several fractions of the total 
sample or open vessel extraction. Recovery of an iodine tracer 
from equilibration in an open vessel was less than 10 percent for 
two analyses by this method. 
Heterogeneous isotopic exchange of the radioactive iodine with 
a preformed silver iodide precipitate was considered. When a 20 
milliliter sample of tracer was added to SO milligrams of silver 
iodide suspended in 20 milliliters of water, approximately 9S per-
cent of the radioactive iodide and was recovered. When the volume 
of sample was increased to 700 milliliters and the mixing time was 
increased from 10 to 30 minutes, the recovery dropped below SO per-
cent. The method was not considered further. 
c. Ion Exchange 
Anion exchange5 was evaluated for the determination of iodine 
12 
activity in the cooling water. Iodine carrier and radioactive 
iodine tracer were oxidized to periodate with sodium hypochlorite 
and reduced to iodide with hydroxylamine hydrochloride and sodium 
pyrosulfite. The solution was passed through an anion resin column 
which retained the iodide quantitatively. Dowex SBR anion resin in 
the chloride form was used. The column was rinsed with a chloride 
solution to remove hydroxyl and other ions that might interfere with 
later processing. The iodide ions are not disturbed by the chloride 
ions. The iodide was eluted from the resin with sodium hypochlorite 
which both oxidizes the iodide to periodate and destroys the resin 
effectiveness. The hypochlorite solution was made acidic with one 
milliliter of concentrated nitric acid per 10 milliliters of 
solution. The periodate was reduced to iodine with hydroxylamine 
hydrochloride and extracted into carbon tetrachloride. The iodine 
was reduced to iodide with sodium pyrosulfite and extracted into 
water. The iodide solution was made acidic with nitric acid and 
the iodide was precipitated as silver iodide. 
The elution of the iodine from the mixed anion-cation resin used 
in the UMR Reactor demineralized was considered. The flow rate 
through the demineralizer is approximately 16,000 gallons per day 
and the total volume of cooling water is 32,000 gallons. 
When the irradiation time is short compared with the time 
s inc e radiation, the iodine activity of the demineralizer resin can 
be simply calculated. The daily flow rate of cooling water through 







A exp (-t/2) 
I 




A iodine activity in the system at anytime 
A 
w 
iodine activity in the water at anytime 
Ad iodine activity in the resin at anytime 
AI iodine activity at the end of operation from equation (5) 





A (l- exp(-t/2)) 
I exp(t/2) - l 





= iodine-131 activity at the end of irradiation, the first 










A30 iodine-133 activity at the end of irradiation, the 
second term of equation (5) 
Combining equations (12) and (8) 
(13) 
Using the resin from the demineralizer has the advantage of 
eliminating the necessity of passing a sample through a separate 
anion exchange column. It also provides an accumulation of the 
iodine, especially the longer lived iodine-131, from recent reactor 
operations. However, in view of the surface contamination reported 
11 
by Maxon and a lack of historical data upon which to base a com-
parison, iodine activity from the demineralizer only indicates a 
need for further investigation. 
D. Comparative Sampling 
A basis is needed for concluding that there is or is not a de-
fective fuel element in the reactor core. A comparison can be 
made between the iodine activity from the individual fuel elements . 
As previously shown, a one square centimeter hole in the cladding 
of a fuel plate will produce approximately two orders of magnitude 
more iodine activity in the cooling water than the total surface 
contamination. 
By taking cooling water samples from the top of each fuel 
element the comparison is possible. The iodine activity for e a c h 
sample should be app~oximately the same when correcte d for the 
neutron flux within the fuel elements. 
12 
Schuessler calculated the power flux from the individual 
fuel elements. From this information the neutron flux within the 
fuel elements has been calculated relative to the fuel element 
having the highest flux, Table I. 
Any significant increase in the iodine activity from one or 
more elements will indicate that a defective cladding is probable. 
This author assumes an order of magnitude is significant. 
E. Experimental Results 
l. Iodine-131 tracer was prepared by irradiating tellurium 
monoxide in the UMR Reactor. Tellurium monoxide could not be dis-
solved by those solvents listed12 ; however, it was dissolved in a 
hot solution containing one part hydrochloric acid, three parts 
nitric acid and three parts sodium hypochlorite. This dissolution 
is attributed to the oxidation from the monoxide to a higher, 
soluble oxidation state. 
2. When iodine-131 tracer was adsorbed on a mixed anion-
cation exchange column and eluted with sodium hypochlorite, 73.5 
percent of the tracer was recovered, Table II. Recovery was 
based on direct silver iodide precipitation from duplicate tracer 
samples. The average recovery compared favorably with the 65-85 
5 
percent recovery reported by Gabay and others A single analysis 
of the iodine activity in the demineralizer resin was made on 550 
milliliters of resin. This volume represents approximately 0.001 
5 
of the total resin. The total activity of the resin was 7.0 x 10 
disintegrations per second. It was concluded that further 
1 6 
TABLE I. Relative Fuel Element Power 
Flux, UMR Reactor 
Fuel Relative 
Element Power 
F- 5 0.58 
F-22 0.30 
F-20 0.35 




F- 2 0.36 
F-14 0.49 
F- 3 0.38 
F- 7 0.83 
F-13 0 .89 
F-21 0.65 
F-10 0. 71 
17 
18 
TABLE II. Iodine Recovery from 
a Mixed Resin Bed 
CPM CPM Percent CPM 
Taken Found Recovery Waste 
8248 7047 81.5 7 
2840 2121 75.0 0 
1781 1301 73.0 3 
1596 1030 64.5 8 
investigation was needed. 
3. The procedure described by Gabay and others5 using Dowex 
SBR anion resin in chloride form was evaluated. Using the resin 
in the chloride form without pretreatment and acidifying the sodium 
hypochlorite solution to two molar with nitric acid prior to carbon 
tetrachloride extraction gave an average recovery of approximately 
80 percent. The resin was therefore rinsed with saturated sodium 
chloride solution prior to passing the sample through the column . 
The volume of concentrated nitric acid per 10 milliliters of solu-
tion added to sodium hypochlorite containing the eluted iodine was 
reduced from two to one milliliter. The iodine-131 tracer recovery 
was 95.5 percent, Table III. The iodine in the waste was precip-
itated for each tracer passed through the resin column. Less than 
1.0 percent of the iodine failed to absorb on the resin. 
A cooling water sample was taken approximately two feet above 
the core with the reactor at full power to determine the volume of 
sample necessary for iodine detection. This sample was divided 
into two parts. Radioactive iodine present as iodide was deter-
mined on one part. This part was passed through an anion exchange 
resin column without prior reduction of iodine to iodide. Total 
iodine was determined on the other part. In this part the iodine 
and iodide were oxidized to periodate with sodium hyprochlorite 
followed by reduction to iodide with hydroxylamine hydrochloride 
and sodium pyrosulfite prior to passing the solution through the 
anion resin column. The total radioactive iodine was 178 counts 
19 
20 
TABLE III . Iodine Recovery from 
an Anion Resin Bed 
CPM CPM Percent CPM 
Taken Found Recovery Waste 
2442 2422 99.2 0 
2442 2412 98.8 3 
1769 1690 95.5 6 
1769 1667 94.2 0 
1769 1646 93.0 9 
1596 1484 9 3.0 10 
1596 1050 94.6 8 
21 
per minute per gallon. The radioactive iodine as iodide was 112 
counts per minute per gallon. This difference between the total 
iodine and iodide indicates that all fission iodine is not in the 
. d'd 3 10 1 e state as suggested by Katcoff and others . 
One gallon of cooling water was taken from the top of each 
fuel element as discussed above and outlined in Appendix B. The 
silver iodide precipitate was counted for gross gamma activity, 
Table IV. The gamma activity in column two of Table IV was as-
sumed to result from only iodine and iodine decay products. The 
activity was expressed as disintegrations per second for each one 
gallon sample. Correction for neutron flux was made dividing the 
values in column two by the relative fluxes from Table III. These 
values are shown in column three. The average iodine activity 
corrected for relative fluxes was 457 disintegrations per second. 
The iodine activity from fuel elements F-18 and F-21 were exclud-
ed from this average. 
A gamma scan of precipitate from fuel elements F-11, F-18, 
and F-21 indicated no significant gamma activity other than 
iodine-133 and xenon-135, the decay product of iodine-135. 
It was therefore concluded that fuel element F-18 was pos-
sibly defective and fuel element F-21 was probably defective. 
22 
TABLE IV. Radioactive Iodine from 
Individual Fuel Elements 
Iodine, Iodine, d/sec 
corrected 
Element d/sec for flux 
F- 5 89 153 
F-22 182 606 
F-20 149 425 
F- 8 433 884 
F-15 122 122 
F-11 164 216 
F-18 2823 3764 
F- 2 173 481 
F-14 304 620 
F- 3 271 713 
F- 7 185 211 
F-13 236 265 
F-21 20216 31102 
F-10 555 782 
IV. CONCLUSIONS 
Iodine can be extracted from aqueous solutions and concen-
trated with 95 percent recovery with anion exchange adsorption 
and elution followed by carbon tetrachloride extraction. 
All of the iodine ions in reactor cooling water are not in 
the iodide form. It is therefore necessary to oxidize the 
fission iodine ions and iodine carrier to periodate as the sample 
is taken to obtain quantitative recovery of the radioactive 
iodine fission ions. 
The iodine resulting from each fuel element can be dete rmin-
ed by taking a sample of cooling water from the top of each fuel 
element while the reactor is operating at full power. Some 
iodine activity will be evolved into the cooling water from all 
fuel elements due to contamination of the fuel cladding surface 
with uranium-235. The radioactive iodine in the cooling water 
from a fuel element with defective cladding will be higher than 
the average radioactive iodine from the sound fuel elements b y 
an order of magnitude or more. 
The cladding of fuel element F-21 in the UMR Reactor is 




It is recommended that fuel element F-21 in the UMR Reactor 
be replaced. If fuel element F-18 is not replaced, it is recom-
mended an iodine analysis performed on this element and another 
fuel element for comparison not less than once each month. 
It is recommended that a radiochemical laboratory to be 
used by all departments with radiochemical interest be construct-
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Pipet, 15 ml, 1. 
Pipets, 5 ml, 4. 
125 ml, 14. 
250 ml, 16. 
5. Plastic tubing, approximately 3/16 inch OD, 100 feet. 
6. S toppers, cork, to fit separatory funnels, 14. 
7. Glass wool. 
8. Beakers, 150 ml, 14. 
9. Graduated cylinders, 100 ml, 3. 
10. Hot plate . 
11. Vacuum pump. 
12. Filter flask, 1 liter. 
13. Sintered glass filter , 1 . 
14. Filter paper, 1 inch diameter, 14. 
15. Counting dishes, 14. 
16. DOWEX SBR anion resin in chloride form, 500 ml. 
17 . Sodium hypochlorite soluti on, 5 p ercent NaOCl, 2 liters: 
Detergent grade "Clorox". 
18. Iodine carrier solution, 100 ml: Dissolve 13 grams of 
potassium iodide, KI, in one lite r of distilled water. 
19. Sodium pyrosulfite solution, 150 ml: Dissolve 400 grams 
of Na2s 2o5 i n one liter of distilled water. 
20. Hydroxylamine hydrochloride, saturated, 200 ml: Dissolve 
NH20H.HC1 in distilled water until no more will ·dissolve . 
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21. Sodium chloride solution, 3 liters: Dissolve 60 grams of 
table salt, NaCl, in one liter of distilled water. 
22. Nitric acid, concentrated 300 ml. 
23. Carbon tetrachloride. 
24. Silver nitrate, 100 ml: Dissolve 100 grams of AgN0 3 in 
one liter of distilled water. 
25. Ethyl alcohol. 
26. Bottles, one gallon, 14. 
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APPENDIX B: Procedure 
1. Add five milliliters of five percent sodium hypochlorite and 
five milliliters of iodine carrier to each of 14 one gallon 
bottles. 
2. Bring the reactor to full power. 
3. Siphon approximately 10 milliliters less than one gallon of 
cooling water from the top of each fuel element into the 
bottle labeled according to the fuel element. The end of 
the siphon tube should be moved around in the top of the 
fuel element while the sample is being taken to insure a 
representative sample of the water passing through the fuel 
element. The cooling water taken while the siphon tube is 
being moved from one fuel element to the next should be dis-
carded. At least two times the volume of the siphon tube 
should be discarded when siphon tube is positioned in the 
top of each fuel element to prevent dilution or contamination 
of the sample. Caution: The gamma activity in the vicinity 
of the tube is very high while the cooling wate r is passin g 
through it. Sampling should therefore be monitored closely 
and personnel should stay as far from the tube as r e a s onable . 
4. While the second and succeedi ng sample s are being take n, a dd 
five milliliters o f saturated hydroxylamine hydroc hlor ide a nd 
five milliliters of 400 grams per lite r sodium pyrosulfite to 
the previously taken sample. 
5. Stir t h e s ample s olution and l e t it stand fiv e minutes . 
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6. Prepare an anion exchange resin column by placing a glass 
wool plug in the bottom of a 125 milliliter separatory 
funnel. 
7. Slurry 25-30 milliliters of chloride form DOWEX SBR or 
equivalent resin into the separatory funnel. 
8. Rinse the resin with 100 milliliters of 50 grams per liter 
sodium chloride solution and twice with 100 milliliters of 
water. 
9. Pass the sample solution through the anion exchange resin 
column at a flow rate of approximately 40 milliliters per 
minute. An effective way to pass the 14 samples through 
their respective anion exchange resin columns at the same 
time is to place a cork stopper in the top of each column. 
Siphon the solution through the columns. 
10. When all of the solutions have passed through the columns, 
rinse each column with 75 milliliters of 50 grams per liter 
sodium chloride solution and twice with 75 milliliters of 
water. The flow rate should remain at approximately 40 
milliliters per minute. 
11. The iodine is eluted from the resin by passing three 30-40 
milliliter aliquots of five percent sodium hypochlorite and 
30-40 milliliters of water through the column. To minimize 
dilution effects force air through the resin between each 
aliquot and after the water. Collect the effluents in 250 
milliliter separatory funnels. 
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12. Slowly add 15 milliliters of concentrated nitric acid to 
each effluent solution. Caution: If the acid is added too 
rapidly, the solution will foam and overflow. Hydrochloric 
acid fumes will evolve. Adequate ventilation is essential. 
13. Allow the solutions to stand at least 30 minutes after the 
addition of the nitric acid stirring at 3-5 minute intervals. 
14. Add five milliliters of saturated hydroxylamine hydrochloride 
and 50 milliliters of carbon tetrachloride to the sample 
solution. Caution: One person cannot process more than two 
samples simultaneously since iodine is highly volatile and 
will be lost through evaporation if the solution is allowed 
to stand. 
15. Swirl several times to accelerate gas removal. 
16. Stopper the separatory funnel and shake the sample two or 
three times. Vent the separatory funnel to allow the gas to 
escape. Caution: Failure to vent the separatory funnel will 
cause excessive pressure to accumulate in the funnel. 
17. Repeat the above step until gas is no longer released when 
the separatory funnel is vented. 
18. Equilibrate the solution vigorously for one minute. The 
carbon tetrachloride layer should become dark red. 
19. Add 35 milliliters of water and 10 drops of sodium pyre-
sulfite solution to a clean 250 milliliter separatory funnel. 
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20. When the carbon tetrachloride and sample solution have 
separated, drain the carbon tetrachloride into the second 
separatory funnel. Caution: Do not allow any of the 
aqueous solution or any solids that collect at the carbon 
tetrachloride-aqueous interface to escape into the second 
separatory funnel. 
21. Add 50 milliliters of water and 3 drops of sodium pyre-
sulfite to the first separatory funnel repeating steps 
18-20 twice. 
22. Discard the aqueous solution from the first separatory 
funnel and rinse the funnel thoroughly with water. 
23. Equilibrate the second separatory funnel containing the 
carbon tetrachloride and sodium pyrosulfite solution 
vigorously for one minute. 
24. Add 35 milliliters of water and two drops of sodium pyre-
sulfite solution to the clean separatory funnel. 
25. Drain all of the carbon tetrachloride into the separatory 
funnel with the sodium pyrosulfite solution. Caution: 
All of the carbon tetrachloride and any solid forms at the 
carbon t e trachloride aqueous interface must be drai ned 
from the sample solution. 
26. Drain the sample solution into a 150 milliliter beaker . 
27. Repeat steps 25 and 26 with the carbon tetrachloride. 
28. Add five mill i lite rs of 150 grams per liter silver nitrate 
solution and fiv e milliliters of concentrated nitric a cid 
to the beaker containing the sample solution. 
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29. Heat the solution to mild boiling on a hot plate. Remove 
the beaker and allow the solution to cool. 
30. Place a one inch diameter filter paper on the sintered 
glass filter. Insure that the top of the filter is center-
ed on the base. 
31. Connect the filter flask to a vacuum and pass the solution 
from the beaker through the filter paper . Rinse all the 
precipitate from the beaker with alcohol and rinse the sides 
of the filter top. 
32. After the solution has passed through the filter, allow air 
to pass through the filter for 2 minutes to dry the 
precipitate. 
33. Remove the top from the filter. Caution: Extreme care must 
be exercised not to disturb the precipitate when the filter 
top is removed. If any of the precipitate adheres to the 
filter top, the precipitate should be transferred back to 
the filter paper with a small spatula . 
34. Disconnect the filter flask from the vacuum. 
35. Remove the filter paper without disturbing the precipitate 
to the hot plate and dry for 15 seconds on low heat. 
36. Place the filter paper and precipitate in a counting dish 
and cover the top of the dish with scotch tape . 
37. Determine the gross gamma activity by established counting 
procedures. 
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38. If the gamma activity of a sample is more than two times 
the average gamma activity for all of the samples, a 
gamma scan should be used to insure that only radioactive 
iodine and iodine decay products contribute significantly 
to the gross gamma activity. In determining the average 
gamma activity the gamma activity of any unusually high 
sample should be excluded. 
35 
